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Abstract
The development of the fracture in composites reinforced with brittle fibers, it is generally accompanied by the rupture of single 
fibers, the exfoliation of broken filaments of the matrix, the collapse of surrounding filaments due to localized overloading, etc. 
The study of the dynamic effects, related with the stress distribution during rupture of fibers and their separation of the matrix, 
gives new aspects about the interrelation of these micromechanisms of fracture and allow the development of algorithms that make 
possible their computer simulation.
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1. Introduction
When the breaking and deformation of materials reinforced with fibers are predicted, two principal trends are 
highlighted. The first trend (most widespread), is based on the considerable volume of mechanical tests that provides 
some empirical relationship, enabling the statistical processing of experimental results.
The second trend, consists in the analysis and determination of processes carried out in the material in 
microstructural level, that is, the processes of redistribution of stress are considered between components, as well as, 
the buildup of damage, and the analysis of the conversion conditions from a moderate storage of micro defects, and 
the crumbling of a forceful avalanche process to the final macro fracture of the material. 
2. Approach to the problem
The computer simulation of a fatigue fracture in a composites reinforced is based on the following assumptions: a)
the number of cycles up to the fatigue failure in a specific volume depends on the level of stress reached, and is an 
unexpected magnitude that reveals the statistical nature of the fatigue strength and the scale effect, b) the time prior 
for the emergence of a crack (or number of cycles) is significantly greater than the time that is required for the crack 
to go through a certain layer, and c) the edges between layers could obstruct the crack development; Kopyov et al. 
(1982).
3. Simulation of a composite material
A multilayer composite material is simulated, where the ends between layers are segments connected with an ideal 
resistance and pores that pass over the material. It is considered that the cracks emerge from certain layer and pass 
through completely, as can be shown in the Fig. 1.
Fig. 1. Simulated model of a composite material.
In each layer one element is selected whose length is equal to the double of its width, thus, according with the Saint 
Venant´s principle, if the distance from the crack is equal to the layer thickness, the material works as if it does not 
present any damage.
The fatigue features of the components were obtained processing the curves about thin-film aluminum; Ovchinsky 
et al. (1975). The fatigue curves in coordinates ߪ௥.௖ െ ݈݃( ௖ܰ) is a linear function. The average of the fatigue curves 
for one layer was considered as reference, this was introduced in the computer program with coordinates on points A, 
B, and C, see Fig. 2.
Fig. 2. The fatigue curves averaged of different layers.
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A histogram of the distribution of number of cycles up to the failure was built for a stress ߪ௥, corresponding to the 
inflection point of the curve using the Weibull´s distribution criterion. The integral distribution of the number of cycles 
up to the failure, for ߪ = ߪ௥ , is expressed by Equation (1).
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where: ߚே െ dispersion parameter of the distribution; ଴ܰ െnumber of reference cycles introduced to the program.
ߚே, the dispersion of number of cycles up to reach the failure, does not depend on stress level; the average of 
number of cycles ഥܰ(ߪ) is determined by the ABC function. This matches when the curves are distributed in parallel, 
with an inflection point for stress values equal to ߪ௥ . However, individual layers could break once, making that they 
do not have specific fatigue curves; Hait (1975).
The analysis is different when the layers work within a composite material. The layers could be crossed repeatedly, 
for describing the failure probability of the different elements in the layers, a function that describes the stress 
distribution is used in the different link chain by Equation (2).
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According to Equation (2), the fatigue of different elements could be describe by the following function
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where: ݊ே െ is a parameter that depends on the number of elements in the layer, this reflects the scale of materials
resistance; ഥܰ (ߪ)െis the average of number of cycles up to failure, given in the ABC curve, shown in Fig. 2.
As a consequence of the statistical distribution of fatigue from simulated layers, a new distribution of fatigue life 
of different elements is used, that according with the scale effect must be lightly superior, as is shown in Fig. 3.
Fig. 3. Simulation modeling of a multilayers composite material. Differential function of the fatigue and the elements of the system.
Random values from the computer program are obtained concerning the number of cycles up to the failure ௜ܰ for
any term from (3), replacing ܨ(݈݃ ܰ ଴ܰΤ ), the random numbers ߦ௜, uniformly distributed with intervals between 0 to 
1; Stepanenko (1981), obtaining:
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Building a model with quasi fragile components and pore edges, simulating the interaction of micro cracks with 
the interface, the kinetic of build-up of damage is analyzed, and the fatigue curves of materials reinforced are predicted.  
Trying to guess the fatigue features of a material reinforced with fibers raises a series of problems related with the 
gathering of information about the initial properties of components, as could be, the fatigue features of fiber and the 
layer of the matrix material, as well as the study of specific development of damage by fatigue on heterogeneous 
media.
A bi-dimensional numbers matrix is stored in the computer program that simulate a mutual distribution of elements;
Guo & Sun (1998). When the edges between layers are modeled, the average resistance between layers is related with 
the pores quantity in the section. If the adhesive strength in the cut-off, localized between layers would be in the 
sections of pores segments, corresponding to the material resistance of segments ߬௥ ,  then the average of the adhesion 
strength between layers considering the pores is determined for the follow equation.
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where: ௣ܸ = σܨ௣ /ܨ – is the relative content of pores over the surface of the interface between layers.
In the material simulation a statistical distribution of locations and sizes of pores are proposed; Tamayo et al. 
(2013). Considering that the pores are statistically distributed uniformly over the layers, between boundaries of two 
neighboring elements from layers, at least there is one pore whose lineal dimensions are:
2p ec pl b V3 , (6)
where: 2ܾ௘.௖ = ݈௖ – length of element, y ܾ௘.௖ െ layer thickness.
In this analysis the pore was considered incapable of being deformed according to Equation (5), and the location 
of element edges is casual. Inside the computer program this is executed introducing the coordinates of one pore end, 
thus considering that the whole pore have a ݈௣ length, it fits in the extension 2ܾ௘.௖ . The random distribution of pores 
between elements leads to a random size between them, whose extension with an equal probability changes in the 
range between 0 and 2(2ܾ௖ െ ݈ஈ).
4. Simulation of material under load
The simulation of material is a beam under cyclical bending, where for all the cross sections of cut-off the bending 
moment is the same, Fig. 4. This corresponds to a scheme of the test material under bending or cross bending 
conditions. 
Fig. 4. Scheme of load in composite materials and redistribution of normal stress.
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During the redistribution of stress the different elements do no longer work, and the bending moment remains 
constant. Therefore, the development of a failure under constant amplitude of external factors load is simulated, a
difference that the tests performed to constant amplitude of strain. Since the bending moments are constant, and since 
the location of the center of cut-off does not change, the stress amplitude is determined by Equation (7).
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where: C – number of elements in the bar; ܥ௣௞ - number of elements involved in the work; ߪ௠௔௫  - maximum stress 
amplitude used on the material up to the failure process. According to Equation (7), the further the element is from 
surface, the greater will be the stresses that are involved in the work.
If the crack falls into one pore and it does not stop, then the stresses in the layers interface on the edges between 
pores are determined.
5. Conclusions
A mechanism that obstructs the breaking of the composite when the adherence resistance is weak between the 
system components is detected. The analysis of these effects allow to present the problem of how to optimize the 
magnitude of the force of adhesion between components, it ensures the monolithic integrity of the material and the 
corresponding redistribution of stresses. Furthermore, it ensures the damping of dynamic failure processes and the 
response required for the failure of the composite as a whole.
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